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INTRODUCTION
Incidental mortality in fishing gear (bycatch), especially gillnets, is a major threat to many marine mammal species and populations (Lewison et al. 2004 , Read 2008 , Reeves et al. 2013 ). The landlocked freshwater subspecies of the ringed seal Phoca hispida saimensis, which lives exclusively in Lake Saimaa, Finland, is under severe threat from bycatch, mainly in gillnets used for recreational fishing (Hyvärinen & Sipilä 1984 , Sipilä et al. 1990 , Sipilä 2003 . Recently, human disturbance and the negative effects of climate warming have come to be regarded as additional threats to Saimaa seals (Ministry of the Environment 2011). The current total population size is around 300, with only 50 to 60 pups born annually (Metsähallitus 2012, www. metsa. fi/ sivustot / metsa/ fi/ Luonnonsuojelu / Lajitjaluontotyypit/ Uhanalaisetelaimet/ Saimaannorppa/ Hyljekanta2012/ Sivut/ default. aspx). The IUCN Red List and the Red List of Finnish species have both designated the Saimaa ringed seal as Critically Endangered, which means that it is facing an extremely high risk of extinction (Rassi et al. 2010 , Kovacs et al. 2012 ). In addition, it is categorized as being in need of special spatial conservation management and strict protec-ABSTRACT: Bycatch mitigation is currently the most important issue for conservation of the Critically Endangered Saimaa ringed seal Phoca hispida saimensis found exclusively in Lake Saimaa, Finland. Two types of fishing restrictions have been established in order to reduce mortality: a ban on gillnet fishing during the most critical season (spring) to enhance pup survival and a yearround ban on the types of fishing gear most likely to cause seal mortality (e.g. certain specified fish traps, hooks baited with fish, strong-mesh gillnets, multifilament nets and trammel nets). The spatial and temporal coverage of these restrictions has not always been based entirely on the ecology and movements of the seals. The current distribution area of the population is not fully known, and this hampers the assessment of conservation needs. In this study, adult Saimaa ringed seals were tracked with GPS phone tags to estimate home ranges and movements. In addition, pup movement data from VHF telemetry studies were used to determine current breeding areas and nursing sites. The mean home ranges of both adults and pups were around 90 km 2 . The current distribution area of the seals covers about 70% of the surface area of Lake Saimaa (4400 km 2 ), and the breeding area covers about 51%. The current springtime fishing restriction covers 63% of the estimated distribution area, and the restriction on fishing gear types covers 55%. This new information on the spatial ecology of Saimaa ringed seals should be used to improve efforts to conserve the species. tion under the European Union's Habitats Directive (Council Directive 92/43/EEC, Annexes II and IV). The conservation needs of this endemic subspecies have also been incorporated into national laws and conservation programmes (Wilson et al. 2001 , Ministry of the Environment 2011).
Time and area fishery closures have been implemented in a number of areas to reduce marine mammal bycatch (Murray et al. 2000 , Reeves 2000 . Fishing has been regulated to some extent in the main known breeding areas of the seals in Lake Saimaa since the 1980s, and this regulation was recently reinforced by government decrees (294/2011 and 295/ 2011) issued under the Fishing Act (286/1982) (Finnish legislation available at www.finlex.fi). Bycatch mitigation in Lake Saimaa consists mainly of time and area closures, i.e. a multi-annual, pre-determined seasonal ban on gillnet fishing enforced over the period from 15 April to 30 June (springtime fishing restriction, Government Decree 294/2011). The aim of this regulation is to reduce seal mortality, especially of juveniles. The protected area to which the ban applies has been significantly expanded relative to the first restrictions laid down in 1982, from 65 km 2 (Sipilä 2003) to the present figure of >2000 km 2 . In addition, the most dangerous (i.e. risk-prone in terms of seal bycatch) types of fishing gear (e.g. certain specified fish traps, hooks baited with fish, strong-mesh gillnets, multifilament nets and trammel nets) have been forbidden all year round since 1999 in the area presumed to be inhabited by the seals (gear-type restriction, Government Decree 295/2011). The present gear-type restriction covers a surface area of 1741 km 2 in Lake Saimaa. To be effective, these time and area closures must be based on the spatial and temporal distribution of the seal population and on fishing activities, including patterns of bycatch events; all of this information depends on the assistance and cooperation of fishermen and on the availability of adequate ecological data (Murray et al. 2000) .
Saimaa ringed seals give birth to single pups in subnivean snow lairs from mid-February to midMarch (Sipilä 2003) , after which female/pup pair behaviour is typically concentrated in the vicinity of the lairs (Rautio et al. 2009 ). Ringed seals exhibit strong inter-annual breeding site fidelity (Sipilä 2003 , Kelly et al. 2010 , Valtonen et al. 2012 , and the birth lair locations of Saimaa ringed seals are quite well established (Sipilä 2003) . The pups are weaned in mid-May, and after that they disperse (Niemi et al. 2011) . In recent years, the movement capabilities of weaned pups (Niemi et al. 2011 ) have been considered when deciding on the spatial coverage of springtime fishing restrictions. However, no attempt has been made to take the movement capabilities of seals of any age group into account when deciding which areas should be subject to year-round restriction of fishing gear types. Until now, decisions have been based simply on the presumed overall area of distribution of the seals (Wilson et al. 2001 ). This area does not even cover all of the known lair sites at present. In addition, the fishing gear-type restriction seems to concentrate on pelagic areas, which are thought to be significant for foraging, given the role of fish species such as vendace Coregonus albula and smelt Osmerus eperlanus in the seals' diet (Sipilä & Hyvärinen 1998 , Auvinen et al. 2005 . A recent study has shown, however, that pups prefer shallow areas (Niemi et al. 2011) , and there is a general lack of knowledge regarding the habitat and foraging preferences of adult seals. There is therefore an urgent need to study the spatial ecology of Saimaa ringed seals in order to evaluate the conservation decisions associated with fishing restrictions. Knowledge of the spatial ecology of the seals is also needed in order to mitigate the potential effects of human-induced disturbances through landuse zoning and to provide guidance on the use of off-road vehicles. Furthermore, socio-economic pressures have increased as a result of the implementation of conservation measures, especially fishing restrictions (Salmi et al. 2000 , Tonder & Jurvelius 2004 , Bell et al. 2008 , and better knowledge of seal behaviour is needed to justify the conservation decisions that have been taken and to reduce the level of conflict between policy-makers and local people.
The aims of this study were to determine the habitat use, home range size and movement patterns of Saimaa ringed seals, to provide data relevant to conservation, especially in relation to spatial fishing restrictions, and to produce practical information that would justify the regional conservation measures taken. Using integrated data from the movement patterns of pups and adults in relation to their known lair locations, we estimated the current distribution area, breeding area, nursing sites and potential distribution area of the seal population for the purposes of re-designing the protected areas and developing other conservation measures.
MATERIALS AND METHODS
Lake Saimaa, situated in south-eastern Finland (61°05' to 62°36' N, 27°15' to 30°00' E: Fig. 1) , is a fragmented lake with numerous interconnected water basins. Its surface area is 4400 km 2 , with >14 000 km of shoreline and >13 000 islands (Kuusisto 1999 ). The lake is about 180 km in length and 140 km in width, with a mean depth of 12 m and a maximum depth of 85 m. The lake is covered by ice for about 5 mo of the year, from the end of November to early May. This study was conducted from May 2007 to January 2012 in the Lake Haukivesi and Lake Joutenvesi basins ( Fig. 1) . Additional data on pup movements in the same study areas from the years 1995 and 2007 to 2010 (Niemi et al. 2011) were also used.
Nine free-ranging adult Saimaa ringed seals (Table 1) were tagged with GPS phone tags (Sea Mammal Research Unit, St. Andrews University, UK), with the location (fastloc/fastcat) interval set at 20 to 30 min and the GPS call interval at 12 h. In addition, we used movement data obtained from 11 pups (n = 2 in the present study and n = 9 from the study by Niemi et al. 2011 ) tagged with VHF radio tags , Advanced Telemetry Systems, weight ca. 20 to 50 g, 138 MHz).
The adult seals were captured in water at their haul-out sites during the moulting season in early summer using modified tangle nets (bar length: 150 mm, height: 10 m, length: 250 m) which were set by surrounding a seal with motorboats while it was basking on the rocks on the shore of an island. The entangled seal was immediately pulled from the water and restrained manually. The pups were captured during the nursing season in early spring, as previously described by Niemi et al. (2011) . All tags were attached to the seal's dorsal post-moult pelage with 2-component epoxy glue (Super Epoxy, 15 min). For later identification, a uniquely numbered plastic roto tag (Dalton) was attached to the hind flipper of each seal. The tagged animals were released in the vicinity of their capture sites. Age class was determined upon capture on the basis of body length and mass. Permits for this work were obtained from the local environmental authorities and the Animal Experiment Board in Finland (ESAVI-2010-08380/ Ym-23).
Home range was estimated for each adult seal by the 100% local convex hull method (LoCoH, also described originally as k-NNCH), which is a nonparametric kernel method generalizing the minimum convex polygon (MCP) based on local nearest-neighbour convex hulls (Getz & Wilmers 2004 , Getz et al. 2007 ). The method is especially suitable for a large set of location points such as GPS datasets. More precisely, we used the adaptive or a-LoCoH method, which is the most robust of the LoCoH methods and the least sensitive to changes in the value of the parameter a (Getz et al. 2007 ), which was set by following the 'rule of thumb' of taking the maximum distance between any 2 points in the individual's dataset. The latter was determined using Hawth's tool extension (Version 3.27; Beyer 2004) The nursing period and total home range were estimated for 7 (n = 6 from Niemi et al. 2011 , n = 1 in the present study) of a total of 11 pups (n = 9 from Niemi et al. 2011 , n = 2 in the present study). The nursing period home range was defined to include the locations recorded from tagging until mid-May, on average, and the total period home range as the locations from tagging to at least the end of the springtime fishing restriction (30 June). Both home range estimates were calculated by means of the MCP100% (described in detail by Niemi et al. 2011) . The home ranges presented here were determined using Hawth's tool extension (Version 3.27; Beyer 2004) in ArcGIS 9.3 (ESRI 2008). Furthermore, the number of buildings ( © National Land Survey of Finland 2012, data updated in 2010) included in the nursing sites and the minimum distances of the buildings from the birth lair locations were calculated in order to identify potential sources of human-induced disturbance in the most critical zone for seals during the breeding season. Habitat usage by adult seals was assessed by dividing the home range area into land areas, shallow water (< 6 m, based on the international classification for inland waters) and deep water (> 6 m).
RESULTS
Seven GPS phone tags on adult seals Phoca hispida saimensis (3 females and 4 males) provided sufficient location data for the analyses (Table 1) . This is the first time that Saimaa ringed seal behaviour has been studied at a GPS level of accuracy with a high number of locations received per day (average: 18, range: 0 to 57; Table 1 ). Overall, the adult seals were tracked for periods ranging from 55 to 306 d (Table 1) , in the open-water season. Complete records from early summer to the next spring were obtained from 2 seals. The maximum distance between any 2 location points in the individual data for adult seals averaged 21 km (range: 8 to 36 km; Table 1 ). The individual values for the maximum distance between locations were used as the parameter a in the homerange analyses. The locations of the adults were divided almost equally between shallow (45%) and deep (55%) areas in their home ranges.
The mean (± SD) home range (100% a-LoCoH) of the adult seals was 92.3 ± 54 km 2 , ranging from 20 to >172 km 2 (Table 1) . Due to the varying lengths of time for which the pups were studied, the total and nursing-period home ranges were estimated for different pups, yielding figures of 121.3 km 2 for the total home range (n = 1) and 0.13 km 2 for the nursing home range (n = 1). Combining these results with the data of Niemi et al. (2011) , we obtain figures of 93.9 ± 69.4 km 2 (mean ± SD) for the pups' total home range (n = 7) and 1.97 ± 2.36 km 2 for the nursing-period home range (n = 7).
The current spatial distribution of the Saimaa ringed seal, which was estimated on the basis of the mean home range of the adult animals (92.3 km 2 ) in relation to all known lair locations in the years from 2000 to 2010, was 3093 km 2 (land areas subtracted; Fig. 2 ). This encompasses about 70% of the surface area of the lake. In addition, the estimated breeding area (Fig. 3) subtracted). The fishing gear-type restriction area encompasses 55% of this current distribution area and 63% of the breeding area, whereas the springtime fishing restriction area encompasses 63% of the current distribution area and 83% of the current breeding area. The mean (± SD) distance of the birth lair location from the nearest permanently inhabited building was 1.9 ± 0.9 km, ranging from 0.1 to 6.4 km, and that from the nearest summer cottage 0.7 ± 0.6 km, ranging from 0.02 to 3.4 km. The total water area covered by the 614 identified nursing sites was 450 km 2 (Fig. 4) , given that a nursing site comprises the birth lair and a surrounding radius of 792 m, based on the mean home range of pups during the nursing period (1.97 km 2 ). Out of a total of 2753 buildings identified in the vicinity of 447 nursing sites (Fig. 4) , 1608 were outbuildings, etc., 1077 were summer cottages and 68 were permanently occupied dwelling houses. Summer cottages occurred within 414 nursing sites, and dwelling houses, within 48. The minimum distances of the birth lairs from the summer cottages within the nursing sites (0.4 ± 0.2 km) were shorter than the distances from the dwelling houses (0.6 ± 0.2 km).
DISCUSSION
It is known that adult Saimaa ringed seals Phoca hispida saimensis exhibit a high degree of site fidelity and do not make long-distance migrations, factors which make this subspecies especially vulnerable to changes in its habitat (Hyvärinen et al. 1995 , Kunnasranta 2001 . Regardless of the sedentary behaviour of these seals, their estimated current distribution area encompasses about 70% of the total surface area of Lake Saimaa. In addition, the potential distribution range may cover the entire lake, in view of the considerable movement capabilities of ringed seals (e.g. Heide-Jørgensen et al. 1992 , Gjertz et al. 2000 , Born et al. 2004 , Freitas et al. 2008 , Kelly et al. 2010 , Niemi et al. 2011 . This conclusion is also . Given the limited resources available and the variety of socioeconomic pressures that exist in the region, the main immediate conservation measures should focus on the current areas of the seals' distribution while bearing in mind that the seals are also capable of recolonizing previously occupied areas. The Puruvesi basin (Fig. 1) , for example, has not been used by wintering seals since the 1950s ), but individual seals have been observed in the area in recent annual counts and an adult female was entangled in a gillnet there in 2009 ( © database of Metsähallitus 2011). In addition, only a few haul-out lairs had been found in the Haapaselkä area (Fig. 1) in the 2000s before the first birth lair was iden tified there in 2010. The estimated current distribution and breeding areas both point to the possibility of separate subpopulations, judging by the gap in occurrence northeast of the Lietvesi basin (arrows in Figs. 2 to 4) . This possibility is supported by a recent genetic study of mitochondrial DNA, which indicated that the seals in southern Saimaa differ significantly from those in the other water basins (Valtonen et al. 2012) , suggesting some degree of structure within the Saimaa ringed seal population. Restricted gene flow within the lake would increase the risk of extinction of the subspecies (Palo et al. 2003 , Valtonen et al. 2012 . It is therefore essential that the apparent 'distribution gap' is included in the fishing restriction areas to provide an ecological corridor enabling the exchange of individuals between the breeding areas and to enhance gene flow.
Bycatch mitigation is considered the most urgent conservation need for the Saimaa ringed seal population (Kokko et al. 1998 , Sipilä 2003 , Ministry of the Environment 2011). Up to 3 adult seals died annually in dangerous fishing gear from 2000 to 2010, in spite of the year-round fishing gear-type restriction (Table 2 ). In general, increased adult mortality has the greatest effect on the rate of population growth and can increase the risk of extinction of an endangered population (Goodman 1981 , Baker & Thompson 2007 . For example, the negative impact on the population of the loss of an adult female grey seal Halichoerus grypus is more than double that caused by the loss of a pup (Harding et al. 2007 ). The loss of adults is a very serious problem for a small population like that of the Saimaa ringed seal. We therefore recommend that the minimum requirement for spatial coverage of the fishing gear-type restriction should be the entire distribution area as defined here, whereas the current restriction covers only somewhat more than half (55%) of this area (Fig. 2) . Furthermore, the shallows, mainly near shore, should be included in the fishing restrictions much more extensively than they are at present. The reason for this is that, in addition to vendace and smelt, littoral fish species such as ruffe Gymnocephalus cernuus, perch Perca fluviatilis and roach Rutilus rutilus make up an important part of the diet of Saimaa ringed seals . Among the main prey items of the seals, vendace are under the greatest pressure from subsistence and commercial fishing (Finnish Game and Fisheries Research Institute 2010, 2011) . Despite the relatively intense fishing that occurs in Lake Saimaa, it has been suggested that there is no competition between fishing and seals in Lake Saimaa (Auvinen et al. 2005) . In view of the movement capabilities of dispersing pups (Niemi et al. 2011, present study) and the high bycatch mortality of recently weaned pups (Sipilä 2003 , Niemi et al. 2011 , we suggest that conservation activities targeted at the seals' breeding habitat should cover not only the birth lairs and their surroundings but also potential dispersal areas. It was for this reason that in this study we estimated the main breeding area of the Saimaa ringed seal based on the mean home range of the weaned pups in relation to the known birth lair locations. The current springtime fishing restriction areas cover > 83% of the main breeding area as estimated here (2244 km 2 ; Fig. 3 ). Although the restriction area has been extended in the last few years, a recent study (Niemi et al. 2011) has indicated that temporal coverage may be inadequate. Over half of the seals known to have become entangled in less dangerous types of fishing gear have been found after or before the springtime gillnet ban comes into effect ( © database of Metsähal-litus 2011). We therefore suggest that the springtime fishing restriction should be reviewed and made temporally more comprehensive in order to achieve the short-term goal of 400 living seals by the year 2025, a figure which is specified in the Saimaa ringed seal conservation plan as the minimum viable population size (Ministry of the Environment 2011). In addition, new sealsafe fishing gear and methods should be developed, and the supervision of fishing should be intensified.
The figure of around 90 km 2 for the mean home range of both adults and pups in this study, in spite of earlier suggestions that young Saimaa ringed seals move over larger areas than adults (Kunnasranta 2001 , Niemi et al. 2011 , could be explained by methodological differences: adults were studied by GPS tracking and pups by VHF telemetry. The less intensive VHF monitoring may miss significant animal movements so that the estimated home range is smaller than the corresponding GPS estimate (e.g. Kochanny et al. 2009 ).
In the present study all the locations of the seals were taken into account for conservation purposes (100% of the estimates). The home ranges determined by GPS with large numbers of location points are thought to be consistently larger and more accurate than the estimates obtained using traditional radiotelemetry (Tomkiewicz et al. 2010) . It is therefore possible that future studies using GPS tracking will provide even larger home range estimates for pups, which may have a further effect on the determination of the seals' current distribution and breeding areas.
Human presence and activity is quite intense in Lake Saimaa on account of the 60 000 summer cottages (Ministry of the Environment 2011) and 6 towns (with a minimum of > 20 000 inhabitants) in the region (Fig. 4) . Saimaa ringed seals are thought to be most sensitive to disturbance during the winter breeding season (Sipilä 2003) , and it is possible that the mild winters brought about by climate change will intensify the negative effects of disturbance. Various conservation programmes and the efforts of 2 national parks (Fig. 1) have been devoted to the protection of essential seal breeding areas (Sipilä 2003) . Although the seals' birth lair locations themselves are supposed to be protected by landuse planning and regulation (Wilson et al. 2001 , Sipilä 2003 Niemi et al. (2011) as well as that gathered in this study to identify the most critical spots ('hotspots') within the main breeding area (nursing sites; Fig. 4 ) that should be subject to the strictest possible regulations as far as fishing, land-use and off-road vehicle activities are concerned. We suggest that the minimum buffer zone around known birth lairs should be 800 m, the mean radius of the pups' home range during the nursing period. The present fishing gear type and springtime fishing restrictions encompass this area relatively well, with a coverage of > 97%, but the mean minimum distance from the birth lair to a dwelling house is 2 km and that to a summer cottage <1 km. In previous work carried out in the 1980s (see Sipilä 1990) , the nearest building was about 3 km away from the birth lair. The annual increase in the number of summer cottages in the Lake Saimaa area is in the range of 300 to 400 (Ministry of the Environment 2011). In the present study, 6% of all buildings found inside the current nursing sites were dwelling houses, and 39% were summer cottages. There is a growing tendency, however, for summer cottages to be converted for year-round occupation (Tonder 2005, Ministry of the Environment 2011) and this is very likely to lead to increased disturbance during breeding and nursing periods. Therefore, new (or newly discovered) birth lair locations should be brought immediately within the definition of nursing sites and placed under the strictest protection in terms of land-use planning. Scientific knowledge of the basic biology and ecology of marine mammals is essential for the design and implementation of conservation measures (Davidson et al. 2012) . Effective conservation of endangered species requires an understanding of how they are distributed spatially and how the potential risks to the population are distributed spatially (Hooker & Gerber 2004 , Ward et al. 2012 ). An optimally protected area would encompass the population's year-round distribution area (Reeves 2000) . Understanding the spatial usage patterns of Saimaa ringed seals is fundamental to monitoring and conservation. Updated knowledge of the population's current distribution should be used to identify critical areas for long-term survival, and such information should guide future decision-making.
The work presented in this paper has 2 major implications for the conservation of Saimaa ringed seals. First, the area to which the fishing gear-type restriction applies should be based on the spatial ecology of the seals and cover at least their current distribution area as determined from movement data. Second, the minimum protection provided for birth lair sites should cover at least the home range of the pups during the nursing period, i.e. the nursing sites (including a 800 m buffer around each birth lair) should be under the strictest protection with regard to fishing, land use and off-road traffic. In addition, we emphasise our concern over the restriction of gillnet fishing in spring. Although the current coverage of the restriction seems to be spatially tolerable in relation to the pups' movement capabilities, its temporal coverage appears to be inadequate. 
